Abstract. Construction contracting companies face two critical decisions in competitive bidding environment, which include: the bid/no-bid decision and the mark-up selection decision. Making the right bid/no-bid decision is critical to the survival, sustainability, and success of the contractors in the industry. There are many factors that a ect this decision. This makes the bidding decisions complex and complicated. Therefore, it is not an easy task for managers to consider the combined impact of all these factors on the bid/no-bid decision within a limited time frame with limited capacity of information they have for every single bidding opportunity. This study proposes a Data Envelopment Analysis (DEA) approach for making the bid/no-bid decision. DEA is a robust non-parametric linear programming approach, which is mostly used for benchmarking, performance measurement, and decision making problems. The applicability of the proposed approach was demonstrated in a real case study conducted in a Turkish construction contracting company. In the case study, 49 bidding opportunities formerly faced by the studied company were evaluated via the developed DEA model. The accuracy rate of the proposed approach was 92%. Company management found the proposed approach satisfactory and implementable in future bid/nobid decision problems.
Introduction
In general, construction projects are awarded to contractors via competitive bidding. When a new contract is announced, willing contractors mainly have to decide on: (i) Whether they will bid or not bid for the contract, and (ii) How much they will o er as the bid price, which consists of the base estimate (i.e., direct and indirect costs), and bid mark-up (i.e., general overhead cost, pro t, and contingency) [1] [2] [3] . In a competitive business environment, contractors should prepare their bids wisely in order to be successful [1] .
In this respect, deciding whether to bid for a job or not has a signi cant in uence on the situation of the company in the future [3, 4] . To decide not to bid for a project may bring about losing an opportunity to make a sizable pro t, enhance strength and position in the industry, and develop a good relationship with a client [3, 5] . On the other hand, bidding on all projects is not feasible and blindly bidding has several negative e ects [1, 5] . A construction company may decide to bid for a great number of contracts in order to increase the chances to win [3] . However, bidding is a very costly and time consuming process as it requires nancial deposits for bidding documents, employees' hours, site visits, risk analysis, market analysis, etc. [1, 3, 6] . Indeed, recent studies revealed that the cost of preparing a bid estimate is approximately 0.25%-1% of the total bid price [7] . Since the construction companies have limited resources, they should plan wisely to make the maximum pro t [2, 5] . Moreover, in most cases, bidding for a contract does not mean the win. In the construction industry, the losses are more frequent than the wins [8] . If the losses are more frequent than the wins, the contractor's reputation in the market may be harmed [1, 3, 9] . Similarly, bidding for a project that does not comply with short and long-term strategies, capacity, and competency of the contractor may bring about a substantial waste of valuable time and resources, an adversarial relationship with the client, and possible arbitration or litigation [10] , which in turn may result in interruption in the business continuity, growth, and success of the contractor [11] .
Therefore, contractors should carefully eliminate losing proposals and thoroughly select the winning ones, which will assist them in achieving the short and long-term strategies, in order to stay in business, prevent waste of time and money, and enhance their reputation in the market [8] .
It is commonly acknowledged that the bid/nobid decision is a complex and highly unstructured process that is a ected by numerous interrelated factors concerning the contractor, the client, the contract and project characteristics, and the business environment (i.e., company's short and long-term strategies, competency, experience, resources, nancial status, risk attitudes, management skills, the need of work, client pro le, contract conditions, type of work, size of project, risk of project, economic conditions, competitors, available job opportunities, etc.) [3, 9, [12] [13] [14] [15] [16] [17] . Therefore, it is not an easy task for a contractor to consider and assess the potential impacts of all these highly interrelated factors, in a limited amount of time with limited capacity of information, and to make a sound decision [4, [18] [19] .
Over the years, the bid/no-bid decision has attracted the attention of numerous researchers and several methods have been developed to assist contractors in making bidding decisions. Most of these methods have primarily focused on optimizing the contractors' probability of winning contracts and determining the right bid mark-up size [4] . Undoubtedly, all these studies have considerably improved the bid/no-bid decision process. However, some of these models are too complex and impractical to be widely accepted, applied, and operated by construction professionals since they are based on complex computational and mathematical models and require much time to learn [20, 21] . Indeed, Li and Love [22] argued that bidding decisions were simply made without much elaboration or deep reasoning. It is commonly acknowledged that contractors tend to make bidding decisions based on the intuition derived from a mixture of gut feeling, experience, and guesswork [13, 16, 18, 19, [23] [24] [25] . Egemen and Mohamed [16] emphasized that developing a realistic model, which captured the complexity and uncertainty inherent in the bidding process, was very di cult. They also claimed that development of a systematic model would assist contractors in achieving business objectives, increasing productivity, and improving the quality of decision making.
The main objective of this study is to demonstrate how Data Envelopment Analysis (DEA) technique can be used as a decision support tool by construction contracting companies in their bid/no-bid decisions. DEA is a robust non-parametric linear programming approach, which is mostly used for benchmarking, performance measurement, and decision making problems. In this technique, several bidding factors, which can be either quantitative or qualitative, are simultaneously considered. One of the most important superiorities of DEA is that it can be easily employed by any construction company. In order to illustrate how DEA technique can be used for modeling the bid/no-bid decision in a construction company, a case study is also presented.
In addition to the studies most of which will be discussed in the next section, El-Mashaleh [9] and ElMashaleh [17] proposed DEA approach for the bid/nobid decision, which enables contractors to evaluate several bidding factors simultaneously and can be easily employed by any construction company. Although these studies made great contributions to the bid/nobid decision problem, they had some limitations. For instance, El-Mashaleh [9] deployed the DEA model on a hypothetical data set. On the other hand, ElMashaleh [17] proposed an empirical framework that was based on DEA. The suggested framework consisted of two major steps, which were identi cation of key factors that were considered by contractors when evaluating bid opportunities and utilization of DEA to make the bid/no-bid decision. In the rst step of this study, 62 factors that might a ect the bid/no-bid decision were identi ed based on the information gathered from the literature review; these factors were examined by a panel of four experts in the Jordanian construction industry who were top managers and had more than 27 years of experience; these 62 factors were modi ed to include 53 factors based on the panel's input; these 53 factors were categorized into 7 groups; a questionnaire was designed in order to identify the importance levels of these 53 factors; the questionnaire survey was administered to 43 Class I contractors operating in Jordan; the relative importance index of 53 factors was calculated and top 20 factors were included in the proposed DEA model. In the second step of this study, the proposed DEA model was practically illustrated based on the actual data of 39 bids obtained from 8 Jordanian contractors. Since these contractors were not able to supply 20 factors for their bids, 7 of them were excluded. Although this study is very valuable, it has some limitations. First, the factors included in the DEA model were selected based on the ndings of a questionnaire survey conducted among 43 Jordanian contractors. However, the factors considered in the bid/no-bid decision greatly varied from company to company because of the di erences in their strategies and capabilities. Therefore, every contractor had to identify the factors they considered during the bid/nobid decision. Second, the proposed framework was deployed based on the data collected from 8 Jordanian contractors. However, the bidding behavior also varied from company to company. Thus, every contractor had to develop his/her own DEA model based on the database, which contained the numerical assessment of the determined factors for all previously considered bids. Third, the bid/no-bid decision for new bidding opportunities was not made using the developed DEA model and the ndings were not discussed. Fourth, validity and usability of the developed DEA model were not checked. This study aims to overcome the limitations of these two studies.
Previous studies on bid/no-bid decision in the construction industry
In the construction management literature, the bid/nobid decision problem has been studied by numerous researchers since the mid-1950s. These studies have di erent focuses. While a relatively large number of studies attempted to identify the most important factors a ecting the contractors' bid/no-bid decision, few studies introduced bidding decision support systems based on various techniques. Several studies have been conducted in di erent countries in order to identify the factors that have the largest in uence on this decision. Ahmad and Minkarah [23] identi ed 31 factors and carried out a questionnaire survey in the USA. Shash [26] found that 55 potential factors in uenced the bid/no-bid and mark-up decisions of top UK contractors and ranked top 5 factors as: need for work, number of competitors tendering, experience in such projects, current workload, and owner/promoter client identity. Wanous et al. [20] identi ed 38 factors, conducted a questionnaire survey among Syrian contractors, and concluded that ful lling the tendering conditions, nancial capability of the client, relation with/reputation of the client, project size, and availability of time for tendering were the most important factors. Chua and Li [14] identi ed 51 factors and categorized them into two main groups, which were: internal (i.e., capabilities and resources of the contractor) and external (i.e., characteristics of the project and environment). They carried out a survey of 153 top contractors in Singapore and developed a hierarchy, which contributed to 4 goals: competition, risk, need for work, and company's position in bidding process. Lowe and Parvar [27] identi ed 21 factors and categorized them into 7 main groups, which included: opportunities, resources, project relationships, project procedures, project characteristics, risks, and competitive advantage. They found that only 8 of these 21 factors had a linear relationship with the bid/nobid decision. Egemen and Mohamed [16] identi ed 83 factors and conducted a questionnaire survey among 80 small-to medium-sized contracting organizations from Northern Cyprus and Turkish construction markets. They discarded 33 of them as their importance levels were very low. The remaining 50 factors were classi ed into 3 main groups, which were: rm-related factors, project-related factors, and market conditions/demand & strategic considerations. Bageis and Fortune [28] summarized 6 di erent studies and identi ed 87 factors. They carried out a survey of 91 contractors in Saudi Arabia and ranked top 5 factors as: the client's nancial capacity, project cash ow, ability to do the project, availability of required cash, and work capital required to start the job. Enshassi et al. [12, 29] investigated the factors a ecting bid/no-bid decisions in the Palestinian and Gaza Strip construction industries. They found that nancial capability of contractors, the reputation and nancial capability of clients, nancial values of projects, availability of raw materials in the local market, and the stability of the construction industry were the most important factors. Ravanshadnia et al. [6] developed a bid/no-bid decision hierarchy, which included: organizational considerations in bidding; project characteristics; risk; nancial considerations; and project synergy, correlation, and portfolio e ects. El-Mashaleh [17] identi ed 53 factors, categorized them into 7 groups (i.e., project characteristics, project bidding and contracting, project requirements, project expected bene ts, client characteristics, consultant characteristics, rm and environmental factors), administered a questionnaire survey to 43 Class I contractors operating in Jordan, and ranked top 20 factors. Jarkas et al. [5] identi ed 43 factors and categorized them into 5 major groups, which were: employer-related, project-related, bidding situationrelated, contract-related, and contractor-related factors. They conducted a questionnaire survey among 92 Qatari contractors and found that previous experience with the employer, need for work, current workload, previous experience in similar projects, and size of project were the most important factors. Hwang and Kim [30] identi ed 22 factors and collected actual data of 182 cases from a speci c Korean construction company. They found that completeness of drawing and speci cations, size of the project, relationship with client's professional advisors, client reliability, clarity of bidding and contract procedure, and additional order scale were the most in uential factors. Le sniak and Plebankiewicz [3] identi ed 16 factors, conducted a questionnaire survey among 61 Polish contractors, and ranked top 3 factors as: type of work, experience in similar projects, and contractual terms.
There are a number of studies that have introduced bidding decision support systems. The rst attempt was by Ahmad [18] . He proposed a procedure based on a decision analysis technique, which assisted contractors in deciding whether to bid or not to bid for the contract under consideration. Wanous et al. [20] introduced a parametric bidding model, which was based on positive and negative bidding factors determined by contractors. Cagno et al. [31] described a simulation approach based on the analytic hierarchy process to assess the probability of winning in a competitive bidding process. Wanous et al. [32] described the development and testing of a bid/nobid model using the arti cial neural network technique. Lin and Chen [15] proposed an assessment tool for contractors using fuzzy linguistic approach. Egemen and Mohamed [33] presented the development of practical knowledge-based system software, which systematically dealt with di erent bidding situations and assisted the contractors in reaching \strategically correct" bid/nobid decisions. Oo et al. [34] proposed a linear mixed model, which formulated bidding strategies according to project size, work sector, work nature, and number of bidders. Cheng et al. [24] proposed a multi-criteria prospect model for bidding decisions. Ravandshadnia et al. [6] developed a logical decision making framework, which covered organizational, environmental, risky, and nancial considerations. Abbasianjahromi and Rajaie [2] presented a hybrid model according to the fuzzy case-based reasoning for prescreening of projects according to the factors generating risk in the construction industry and the historical records of the company, also allocating the most appropriate prescreened projects to the portfolio of company with the use of zero-one linear goal programming. Shafahi and Haghani [1] developed a customized genetic algorithm model, which took into account the importance of eminence and previous works. Polat et al. [35] proposed the use of adaptive neuro fuzzy inference method for modelling of the bid/no-bid decision. Le sniak and Plebankiewicz [3] developed a model, which incorporated fuzzy set theory. Hwang and Kim [30] proposed a model, which utilized logistic regression method.
Data Envelopment Analysis (DEA)
DEA, originally developed by Charnes et al. [36] [37] [38] , is a very powerful technique. It is extensively used in benchmarking, performance measurement, and decision making across di erent industries such as manufacturing, computing, banking, education, health care, etc. [17] . Several researchers [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] have successfully employed DEA in the construction industry for di erent purposes such as evaluation of contractors, selection of project location, evaluation of productivity and e ciency, assessment of credit scoring, purchase of construction materials, evaluation of design alternatives, benchmarking, assessment of performance, evaluation of contractors for bonding, etc. Despite the wide usage area of DEA in the construction industry, this technique has been utilized to make the bid/no-bid decision only in a limited number of studies (i.e. [9, 17] ). Therefore, DEA is selected as a decision support tool in this study.
Nonparametric linear programming is the underlying methodology of DEA, which makes it powerful when compared with other techniques [55] . DEA is based on an input-output framework, which aims to maximize the ratio of weighted outputs to the weighted inputs. In this method, inputs are minimized and outputs are maximized, and the relative e ciencies are evaluated via linear programming. There are 4 alternative models in DEA, which are CCR (CharnesCooper-Rhodes) ratio model, BCC (Banker-CharnesCooper) model, the multiplicative models, and the additive model [56] . The orientations of these models are categorized into 3 main groups, namely, inputoriented, output-oriented, and constant return scale. In input-oriented models, inputs are minimized while outputs are kept at their current values. On the other hand, in output-oriented models, outputs are maximized whereas inputs are kept at their current values.
In DEA, a Decision Making Unit (DMU) is used as an organizational unit [9, 17] . The relative e ciency of DMU is measured based on the available data set for input and output variables [53] . In other words, DEA is a method to determine the e ciency by using linear programming, whose results evaluate the performances of DMUs.
The main idea behind DEA is to compare a certain number of DMUs carrying out similar tasks. Since the relative e ciency is measured without any assumptions, DEA is considered as nonparametric [17] . The strengths of DEA can be summarized as follows; (1) It is able to use large number of variables (inputs and outputs); (2) The input and output variables can be used in di erent measurement methods or units; and (3) There is no prior assumption, hence the weights of input and output variables are derived from the data [17] .
An e cient frontier is a mathematical space, formed by the e cient DMUs, whose e ciency scores are equal to 1. This frontier envelops all data points and it is determined by several computations of DEA. E ciency score of each DMU is evaluated relative to an e ciency frontier. E ciency score of each DMU ranges between 0 and 1 (i.e., 0 e ciency score 1). If DMU is located on the e ciency frontier, it has an e ciency score of 1 (or 100%). If e ciency score of DMU is less than 1 (< 100%), then it is called ine cient DMU and its capacity needs to be improved for future performance. The e cient DMUs require fewer inputs to generate higher output [17] . Generally, ine cient DMUs use more inputs to produce lower output.
The mathematical form of DEA can be explained as follows; assume a set of n DMUs (j = 1; :::; n) each consuming m inputs x i;j (i = 1; :::; m) to produce s outputs y r;j (r = 1; :::; s). The relative e ciency of a DMU j can be computed with the following mathematical programming model (Eqs. (1)- (4)) by applying n optimizations:
Subject to: 
where j is e ciency score of the jth DMU, r the number of output, s the total number of outputs, i the number of input, m the total number of inputs, j the number of DMU, n the total number of DMUs, u r weight of the rth output, v i weight of the ith input, y r;j the rth output of the jth DMU, and x i;j the ith input of the jth DMU. The objective function of the mathematical programming relies on maximization of the eciency of DMU j ; and this is done by maximizing sum of numerator (outputs of DMU j ) part divided by the sum of denominator (inputs of DMU j ) part of the objective function (Eq. (1)). The e ciency scores of all DMUs have to be 1:0 according to Eq. (2). Thus, all DMUs are located either on or below the e cient frontier [17] .
Proposed approach
This study proposes an approach based on DEA, which can be easily employed by any construction contracting company for making the bid/no-bid decision. The proposed approach includes ve main stages, which are:
(1) Forming the decision making team and identifying the key factors that may a ect the bid/no-bid decision in the construction contracting company in question; (2) Determining the inputs and outputs of the DEA model for the bid/no-bid decision; (3) Collecting data; (4) Performing DEA analysis on the collected data in order to measure the performance of the developed model; and (5) Making the bid/no-bid decision for new bidding opportunities.
Forming the decision making team and identifying the key factors that may a ect the bid/no-bid decision
The decision making team, whose members are responsible for evaluating available job opportunities and making the bid/no-bid decisions in the construction contracting company in question, is formed. This team determines the factors that will be used by this company in the bid/no-bid decision. Since these factors greatly vary from company to company depending on the company's short-and long-term strategies; capacity; and bidding behavior, which is predominantly a ected by market and economic conditions; number of competitors; type, size, location, and client of the project; contract conditions; contractor's nancial status; opportunities and reputation that the project may provide; etc. [e.g. [16, 19, 35] ), every construction company should determine these factors considering the prevailing conditions.
Determining the inputs and outputs of the DEA model for the bid/no-bid decision
The key factors that may a ect the bid/no-bid decision, which are identi ed in the rst stage, are categorized as inputs and outputs depending on whether they need to be minimized or maximized. The factors that need to be minimized should be categorized as inputs and the factors that need to be maximized should be categorized as outputs [9] . Then, the measurement methods of the factors are decided by the decision making team. A case study is presented in order to illustrate how the proposed approach can be applied in a real situation.
Collecting data
In this study, a large-scale Turkish construction constructing company, which predominantly undertakes international projects and is ranked among Top 225 International Contractors, is selected as a case study. The studied company is mainly specialized in marine works, infrastructure, industrial, and building projects, and undertakes projects in di erent countries such as, Azerbaijan, Bosnia and Herzegovina, Georgia, Libya, Qatar, and Turkey.
5.1. Forming the decision making team and identifying the key factors that may a ect the bid/no-bid decision in the studied company First, the decision making team was formed. This team consisted of three civil engineers, who were working in the contracting department of the studied company, had at least 20 years of experience in the construction industry, and were in charge of evaluating available job opportunities and making the bid/no-bid decisions. In order to identify the key factors that might a ect the bid/no-bid decision in this company, these professionals were interviewed. Based on these interviews, 16 key factors were taken into account during the bid/nobid decision process in the studied company, which included: 5.2. Determining the inputs and outputs of the DEA model for the bid/no-bid decision in the studied company
After identifying the key factors that might a ect the bid/no-bid decision in the studied company, these factors were categorized as inputs or outputs. The factors that needed to be minimized were categorized as inputs and the factors that needed to be maximized were categorized as outputs [9] . In the proposed DEA model, the rst 6 factors (i.e., NF 1 -NF 6 ), namely, (NF 1 ) complexity of bidding documents (i.e., drawings, speci cations), (NF 2 ) unfamiliarity with this speci c type of work, (NF 3 ) cash ow requirements of the project, (NF 4 ) technological di culty of the project, (NF 5 ) unsatisfactory terms of payment, (NF 6 ) percentage of retention money, which had negative e ects on the bid decision, were quanti ed as inputs. The remaining 10 factors (PF 1 -PF 10 ), namely (PF 1 ) project's contribution to the strength of company brand and reputation, (PF 2 ) project's contribution to the increase in the international market share of the company, (PF 3 ) project's contribution to the development of long-term relationships with other companies, (PF 4 ) project's contribution to the improvement of the employees, (PF 5 ) potential for gaining similar projects in the future, (PF 6 ) potential for gaining long-term pro t, (PF 7 ) contract price, (PF 8 ) project duration, (PF 9 ) percentage of advance payment, (PF 10 ) tender preparation time, were quanti ed as outputs as they had positive e ects on the bid decision and needed to be maximized. The variables' abbreviations, de nitions, and their measurement methods are presented in Table 1 .
As seen in Table 1 , the measurement method of the variables, i.e. percentage of retention money (NF 6 ), contract price (PF 7 ), project duration (PF 8 ), percentage of advance payment (PF 9 ), and tender preparation time (PF 10 ), is numerical and the actual values of these variables are used as inputs or outputs. On the other hand, the measurement method of the remaining variables is not numerical. The decision makers individually and subjectively evaluate these variables on a 1-5 scale, where 1 denotes \Very Low" and 5 denotes \Very High".
Collecting data in the studied company
After determining the inputs and outputs of the pro- 7 Contract price $ ( 1,000,000) Output PF 8 Project duration # of months Output PF9
Percentage of advance payment % Output PF 10 Tender preparation time # of days Output posed bid/no-bid decision model and their measurement methods, the actual values of these variables were determined. For this purpose, the studied contracting company's database was used. The database included: (1) each decision maker's (i.e., three civil engineers working in the contracting department of the studied company) numerical evaluations of the inputs NF 1 , NF 2 , NF 3 , NF 4 , and NF 5 , and the outputs PF 1 , PF 2 , PF 3 , PF 4 , PF 5 , and PF 6 on a 1-5 subjective scale, where 1 denotes \Very Low" and 5 denotes \Very High", and (2) actual values of the input NF 6 and the outputs PF 7 , PF 8 , PF 9 , PF 10 for 49 bidding opportunities (i.e., BO01-BO49) previously considered in the last three years. In the DEA model, each bidding opportunity is considered as DMU. The decision makers decided to bid for 30 of them and not to bid for 19 of them. The arithmetic means of the decision makers' numerical evaluations and actual values of the inputs and outputs for 49 bidding opportunities are presented in Table 2 .
In Table 2 , BO01-BO49 refers to bidding opportunities that had been previously considered by the studied contracting company in the last three years. For instance, BO01 was a housing project in Azerbaijan, whose percentage of retention money was 5% (NF 6 ), contract price was $35,000,000 (PF 7 ), project duration was 18 months (PF 8 ), percentage of advance payment was 10% (PF 9 ), and tender preparation time was 40 days (PF 10 ). The actual values of these variables are used. On the other hand, the values of the remaining variables (i.e., NF 1 , NF 2 , NF 3 , NF 4 , NF 5 , PF 1 , PF 2 ; PF 3 , PF 4 , PF 5 , PF 6 ) are considered as the arithmetic means of three decision makers' numerical evaluations on a 1-5 subjective scale, where 1 denotes \Very Low" and 5 denotes \Very High".
It should be kept in mind that large numbers of inputs and outputs and small number of DMUs (i.e., bidding opportunities) may weaken the discriminatory power of DEA. Although di erent researchers have suggested di erent rules for determining the appropriate number of DMUs depending on the numbers of inputs and outputs, there is no general consensus. For instance, while Golany and Roll [57] stated that the number of DMUs should be at least twice the sum of the numbers of the inputs and outputs, Banker et al. [58] suggested that the number of DMUs should be at least three times the sum of the numbers of the inputs and outputs. In this study, since the number of DMUs (i.e., the number of bidding opportunities) is 49 and the sum of the numbers of the inputs and outputs is 16, the suggested rules are satis ed.
5.4. Performing DEA analysis on the collected data in order to measure the performance of the developed model in the studied company
The framework of the proposed bid/no-bid decision model is shown in Figure 1 . As seen in Figure 1 , the database includes the values of the inputs (i.e., NF 1 6 ) and outputs (i.e., PF 1 10 ) for each bidding opportunity (i.e., DMU). DEA analysis is conducted on 49 DMUs and the e ciency scores are calculated. If the e ciency score is equal to 1, this means that this bidding opportunity belongs to the e cient frontier and the decision for this bidding opportunity should be \bid". Otherwise, the decision should be \no bid".
Having collected the data presented in Table 2 from the studied company's database, the proposed DEA model was run via OSDEA software. In order to calculate the e ciency scores of 49 bidding opportunities, the following equations (Eqs. (5)- (8) 
where j is e ciency score of the jth DMU (i.e., bidding opportunity), r the number of output (i.e., PF), s the total number of outputs (i.e., 10), i the number of input (i.e., NF), m the total number of inputs (i.e., 6), j the number of DMU, n the total number of DMUs (i.e., 49), u r weight of the rth output, v i weight of the ith input, PF r;j the rth PF of the jth DMU, and NF i;j the ith NF of the jth DMU. The e ciency scores calculated according to Eqs. (5)- (8), actual decisions of the studied company, and the decisions predicted by the developed DEA model for 49 bidding opportunities are displayed in Table 3 .
As seen in Table 3 , the e cient frontier of the developed model includes 30 bidding opportunities, which are BO01, BO02, BO03, BO05, BO06, BO07, BO08, BO09, BO10, BO11, BO12, BO13, BO14, BO15, BO16, BO17, BO18, BO19, BO21, BO22, BO23, BO24, BO25, BO26, BO27, BO28, BO29, BO30, BO36, and BO40 as their e ciency scores are equal to 1.00. On the other hand, the e ciency scores for the remaining 19 bidding opportunities are found to be lower than 1.00, which indicates that these bidding opportunities do not belong to the e cient frontier and the studied company should have not bidden for these opportunities. In real life, the studied contracting company made a positive bidding decision for the bidding opportunities on the e cient frontier, except BO36 and BO40. The studied company made a positive bidding decision for the bidding opportunities BO04 and BO20, although they were not a part of the e cient frontier. It can be concluded that the actual decisions of the decision makers and the decisions predicted by the developed DEA model are consistent for 45 bidding opportunities out of 49 bidding opportunities, which corresponds to an accuracy rate of 92%. When the decision makers were asked to evaluate the ndings of the developed DEA model, they stated that they had made wrong decisions for these 4 bidding opportunities and the results of the developed DEA model were very reasonable.
Making the bid/no-bid decision for new bidding opportunities in the studied company
The studied construction contracting company had two new bidding opportunities (i.e., BO50 and BO51). Table 4 .
Having identi ed the values of the inputs and outputs of BO50 and BO51, they were added to the existing database and the developed DEA model was re-run. The e ciency scores for BO50 and BO51 were found to be 1.00 and 0.83, respectively. Since BO50 is a part of the e cient frontier (i.e., e ciency score is equal to 1.00), the decision makers should make positive bidding decision for this opportunity. On the other hand, BO51 is not a part of the e cient frontier; thus, the decision makers should not bid for this opportunity. This nding is very reasonable because BO50 performs better than BO51 in most of the dimensions, except NF 6 , PF 3 , PF 6 , and PF 8 . Table 5 shows the actual values and targeted values of the variables for BO51.
If the actual values of the inputs and outputs were improved by the percentages presented in the last column of Table 5 , BO51 would become a positive bidding opportunity. For instance, if the percentage of retention money was 1.66%, contract price was $76,630,000; project duration was 31.01 months; were increased. Thus, the decision on BO51 would be \bid".
Validating the developed DEA model
In order to check the validity of the developed DEA model and its usability in their company, the opinions of three decision makers, who had the opportunity to utilize the proposed model, were sought through faceto-face interviews. The decision makers claimed that the developed DEA model was a useful and e cient tool and could be easily used in their company. They stated that the developed DEA model might provide their company with the following advantages:
More objectivity; More systematic evaluation; Consideration of a combination of various quantitative and qualitative bidding factors (i.e., variables); Flexibility in identifying the variables; Easy implementation; Easy interpretation of the useful results provided by the developed model; Faster decision making process; Lower cost of the decision making process;
Ability to make bid/no-bid decisions for new bidding opportunities.
Conclusions
To bid or not to bid for construction projects is a crucial strategic decision for survival, sustainability, and success of the contractors in the industry. Since bidding is a very costly and time consuming process, contractors have to develop winning proposals. Bid/no-bid decision is a complex and highly unstructured process as it is a ected by numerous interrelated factors. It is commonly acknowledged that a systematic model, which simultaneously takes into account the impacts of all these interrelated factors and assists contractors in making sound bid/no-bid decisions, will be of great value. This paper proposes a DEA-based decision making approach for making the bid/no-bid decision, which can be easily employed by any construction contracting company. The proposed approach mainly includes ve stages, which are: 1. Forming the decision making team and identifying the key factors that may a ect the bid/no-bid decision in the construction contracting company in question; 2. Determining the inputs and outputs of the DEA model for the bid/no-bid decision; 3. Collecting data;
4. Performing DEA analysis on the collected data in order to measure the performance of the developed model; 5. Making the bid/no-bid decision for new bidding opportunities.
This approach was also applied in a large-scale Turkish construction constructing company, which predominantly undertakes international projects and is ranked among Top 225 International Contractors, in order to demonstrate how it can be used in a real situation. The interviews with three decision makers working in the contracting department revealed that 16 key factors a ected the bid/no-bid decision in the studied company. These factors were then categorized as inputs (i.e., 6 inputs) and outputs (i.e., 10 outputs) depending on whether they needed to be minimized or maximized. Then, the actual values of these factors were determined for 49 previously evaluated bidding opportunities (i.e., DMUs) using the studied contracting company's database. The developed DEA model was run via OSDEA software and the accuracy rate of the developed model was found to be 92%. Moreover, two new bidding opportunities faced by the studied company were evaluated using the developed DEA model and based on the DEA computations; the recommendation was to bid for one of these opportunities. The developed model also supplied the contractor with the projected values of the inputs and outputs for the negative bidding opportunity so that this bidding opportunity became positive. The opinions of three decision makers, who had the opportunity to utilize the proposed model, were sought through face-to-face interviews in order to check the validity of the developed DEA model and its usability in their company. The decision makers stated that the developed DEA model was a useful and e cient tool, and could be easily used in their company for evaluating bidding opportunities in future projects.
In the proposed approach, some of the bidding factors are qualitative and evaluated subjectively by decision makers on a predetermined scale. In most of the real-life problems, the information is uncertain and human's thoughts are imprecise; thus, it is almost impossible for decision makers to provide exact numerical values during the evaluation process. In these cases, decision makers may prefer to specify their preferences by linguistic variables, whose values are words or sentences in a natural or arti cial language, and give interval judgments rather than xed value judgments. Fuzzy set theory is a powerful tool for re ecting human reasoning and handling uncertainty and incomplete information when generating decisions [59] . In future studies, fuzzy numbers can be used when evaluating the qualitative factors. This is one of the future directions of this research. 1 Complexity of bidding documents (i.e., drawings, speci cations) NF 2 Unfamiliarity with the speci c type of work NF 3 Cash ow requirements of the project NF 4 Technological di culty of the project NF 5 Unsatisfactory terms of payment NF 6 Percentage of retention money NF i;j
The ith NF of the jth DMU PF Positive bidding factors PF 1 Project's contribution to the strength of company brand and reputation PF 2 Project's contribution to the increase in the international market share of the company PF 3 Project's contribution to the development of long-term relationships with other companies PF 4 Project's contribution to the improvement of the employees PF 5 Potential for gaining similar projects in the future PF 6 Potential for gaining long-term pro t PF 7 Contract price PF 8 Project duration PF 9 Percentage of advance payment PF 10 Tender preparation time PF r;j
The rth PF of the jth DMU 
